ABSTRACT
Advances in microarray technology have led to an explosion of gene expression data and a great need for development of a methodology to analyse and exploit such information. Considering the large number of genes and complexity of biological networks, a useful strategy will be to perform cluster analysis on gene expression data to detect gene groups with similar expression patterns. Following the development of a new algorithm for clustering gene expression data based on hidden Markov models (HMM) (Ji et al., 2003) , here we report further development of HMM for gene expression profiles (HMMGEP), an independent package for clustering gene expression data based on the above algorithm.
HMMGEP implements a weighted expectation maximization (EM) algorithm for clustering the gene expression data. Each gene's expression profile is first transformed into a sequence of expression fluctuation based on how the expression level changes. For each transformed sequence, a simple HMM is constructed and trained with the Baum-Welch method (Rabiner, 1989) . To partition the genes into w clusters, w copies of the HMM will be made, one for each cluster (socalled component HMMs). When each component HMM is re-estimated, the weight that a sequence has is proportional to the probability of the sequence given by its component model. * To whom correspondence should be addressed. † The authors wish it to be known that, in their opinion, the first two authors should be regarded as joint First Authors.
Thus, the components will evolve through training to represent clusters in the trained sequences. The probabilities given by the final component HMMs are used for determining which cluster the sequence belongs to.
HMMGEP has a command-line interface and two programs, statana and hmmexp. The former transforms the gene expression profiles into discrete fluctuation sequences. It reads in a gene expression data file, with each line containing a gene name and its expression profile separated by tabs. The user can set the thresholds to govern whether a gene's expression level has changed. The transformed sequences file can be created by the command statana --thred1 = 0.1 --outfile = <outfile><infile>, where infile is the gene expression data file for analysis, thred1 is the threshold above which the expression level will be considered as changed and the outfile is the transformed sequence file that will be used in the next step. The program hmmexp performs cluster analysis using HMMs. It reads in the sequence file created by statana, together with the original gene expression data file. The program hmmexp has several parameters adjustable by the users, including the number of clusters with the parameter cluster, and the range of cluster numbers with the parameters mincluster and maxcluster. If the range is set, it will automatically determine the best number of clusters based on calculation of a ration figure of merit (FOM) (Yeung et al., 2001; Ji et al., 2003) . In addition, the parameter repeat allows the program to perform multiple calculations and automatically determine the best result based on FOM. The parameters maxiter, convratio and conviter will define the convergence conditions. The parameter weighttype allows the user to choose the weight function during the re-estimation of HMMs. The parameter fast is introduced to decrease the running time by simplifying the calculation of state transition probabilities in HMM. Detailed instructions for usage are listed in the manual, and here we give an example. Suppose we perform cluster analysis on a dataset: the gene expression data The HMMGEP package is now released as version 2.1. It is written in the C language and runs on Unix or Linux systems. The executables have also been compiled for Windows users. The time complexity of calculation is O(cnm 3 ), where c refers to the number of clusters, n refers to the number of genes and m refers to the number of experimental conditions. On a PC machine (1000 MHz, 256 MB main memory) running Linux, it will take ∼5 s to partition a dataset containing 600 genes with 18 time points (Spellman et al., 1998) into five clusters. Based on our previous analysis (Ji et al., 2003) , this method can produce clusters with a quality as good as k-means and SOM, with the major advantage in addition of determining the number of clusters. For academic usage, HMMGEP is free for download. To make HMMGEP a more useful tool for analysis of gene expression data, our future work will include improving the calculation speed, developing more appropriate models and integrating more biological knowledge into the models.
